INTRODUCTION
Parainfluenza type 4 (PI-4) virus is not easy to handle because primary monkey kidney cell cultures (MK) which frequently harbor latent viruses are needed f or virus cultivation and quantitation of its biological activities . So far, no definite proof has been reported for the capability of a continuous cell line to support a complete reproduction of this virus . Vero cells, a cercopithecus kidney cell line , have a wide range of viral susceptibilities (Itoh et al ., 1968 a ; Macfarlane and Sommerville, 1969) and can be maintained without addition of serum as us able monolayers for a significantly longer time . The latter point is especially advantageous not only for virus titrations due to absence of serum -borne virus inhibitors but also for preparation of more specific viral antigens and immune sera . I n our effort to develop viral diagnostic reagents for paramyxoviruses (Andre wes and Pereira, 1967) a single substrate for virus cultivation has been sought for . H uman parainfluenza type 2 and type 3 , HVJ, SV5, SV41, Mumps and Newcastle di sease virus (NDV) have been successfully cultivated and titrated in Vero cell cultures, but type 1 (HA-2) and type 4 parainfluenza viruses have not (Itoh et al., 1968 a) . This paper describes complete replication of PI-4 virus in Vero cell cultures by addition of a small amount of trypsin to the maintenance medium during virus cultivation. The serially passaged PI-4 virus in the trypsin-added Vero cell cultures (Vrt) was found not to be specially adapted to Vero cell cultures under ordinary conditions (Vro) .
But this Vrt system enabled us to make specific immune sera and hemagglutination antigen for this virus. A similar paper reporting complete replication cycles of parainfluenza type 1 (HA-2) virus in Vrt will be published elsewhere (Okawa et al., 1969 Antisera : For identification of Vrt-grown PI-4 virus (PI-4/Vrt), hyperimmunized rabbit sera against paramyxoviruses were used in both the cross neutralization and hemagglutination-inhibition tests.
In most cases of immunization , intravenous injections were repeated over a period of 2 months with large doses of Vero-grown viruses, except HA-2 and PI-4 standard sera, for which VK-grown viruses were used as antigens.
A serum showing the highest specificity with the least heterologous crossing in the neutralization test was chosen as a standard serum from among several individual sera of the same group . Control sera against uninfected Vero cells were prepared in a simulated way.
Titration of virus infectivity: Two tenth ml of appropriate dilutions of virus was inoculated into each of roller tube cultures containing one ml of maintenance medium, using 3-4 cultures per dilution.
For HA-2 virus, only VK cell cultures were used. Final scorings for paramyxoviruses were made after 4-10 days of stationary incubation at 32-35 C by hemadsorption tests performed at a low temperature (for PI-4 virus, at room temperature) using guinea pig erythrocytes. TCD50 was calculated by the Reed and Muench's method.
Neutralization tests : The constant serum-varying virus dilution-method was used for identification purposes. This method is more sensitive than the conventional serum-endpoint determination for detection of low-titer adventitious contaminations in a virus stock to be tested. Equal-volume mixtures of virus and inactivated serum were inoculated in 0.2 ml amounts into tube cultures after an incubation at room temperature for one hr. TCD50 titers, both in the presence and in the absence (usually, anti-normal-Vero-serum was incorporated) of antiserum, were obtained.
A logarithmic difference between both titers was used as the log neutralization index to indicate the degree of neutralization by the serum under test.
Hemagglutination-inhibition (HI) tests : Details of the technique will be described elsewhere (Itoh, et al., 1969) . Tube methods following the CDC techniques (Communicable Diseases Center, 1965) with minor modifications were employed . Throughout the present studies, pooled guinea pig erythrocytes were used. Hemagglutination (HA) antigens produced with viruses grown in Vero cells were used mostly.
Antigens produced in VK cell cultures were also used for PI-4 and , exclusively for HA-2 viruses.
A specific immune rabbit serum was selected for each virus based on the data of cross neutralization tests and preliminary cross HI tests.
Removal of nonspecific inhibitors from heat-inactivated sera were done with either the RDE (receptor destroying enzyme from Vibrio cholerae) treatment or the sequential treatments with trypsin and KIO4 (Communicable Diseases Center, 1965). The treated sera were then absorbed with guinea pig erythrocytes to remove nonspecific hemagglutinin.
In the cross HI tests , serial two-fold dilutions of serum were tested against 4 hemagglutinating units of antigen at room temperature (20-23 C) .
Sensitivity test to chloroform : The technique of Feldman and Wang (1961) with minor modifications (Itoh et al., 1968 b) was employed.
The third passage PI-4 (M-25)/Vrt was tested.
As a control, type 1 poliovirus, strain Brunenders , grown in MK was used. All the infectivity titrations were made in VK.
Millipore filtration test : The third passage PI-4/Vrt and the original VK-grown virus (PI-4/VK) of M-25 strain were tested according to the technique previously et al.
Vol 
RESULTS

Passage of PI-4 Virus in Vrt without Adaptation to Vro
In Table 1 , infectivity titers at varying passage levels in Vrt as measured in three host systems (VK, Vro and Vrt) are shown.
As the titration system, Vrt is the most sensitive, VK slightly inferior, and Vro is far insensitive where more than about 5000 TCD50 in Vrt was needed to cause hemadsorption.
The relative insusceptibility of Vro to PI-4/Vrt at a lower moi (multiplicity of input virus) may evidence the occurrence of abortive reproduction of the virus during multiple cycles in the Vro system. This was substantiated by the results shown in Table  2 . Large inocula into Vro of PI-4/Vrt resulted in relatively high yields in the first passage in Vro, but the virus yields diminished in the second passage and no virus detected after the third generation.
This nontransferability beyond 2 subpassages in Vro did not change from the original PI-4/VK up to the 14th passage PI-4/Vrt.
Tables 1 and 2 also show that high titers in Vrt can be obtained with VK-grown viruses obviating the repeated passages through the Vrt systems. 
Cytopathogenicity of PI-4 Virus in Vrt
Cytopathic effect (CPE) (Fig. 1) comprising syncytial giant cells and rounded cells detaching from the glass wall was conspicuous in Vrt.
The same kind of, but weaker, changes were observed occasionally in VK cultures, but never in the Vro system. Hemadsorption of guinea pig erythrocytes occurs extensively in Vrt. Cytoplasmic inclusion bodies of a morphology similar to those described for infected MK cell cultures (Johnson et al., 1960) were observed in the hematoxylineosin stained preparations of the infected Vrt (Fig. 2) . No intranuclear inclusions were found. Macroscopic plaques appeared under agar overlay added with trypsin ( Fig. 3) . At higher concentrations of the enzyme, the size of plaques tended to be larger.
Retardation of the plaque formation occurred with lower concentrations. These plaques were neutralized specifically by the standard M-25 antiserum. HI tests. Table 3 shows the results of the neutralization tests. PI-4/Vrt was neutralized by the homologous anti-PI-4/VK and anti-PI-4/Vrt sera, but not by antisera against other paramyxoviruses.
Serological Identification of PI-4/ Vrt
PI-4/VK was neutralized reciprocally by the anti-PI-4/Vrt serum. All these results were obtained by tests performed in VK cell cultures.
Using the Vrt system, neutralization of CPE and hemadsorption of PI-4/Vrt by the standard anti-PI-4/VK serum was demonstrated.
In this test, trypsin was added to maintenance medium after removal of the initial medium (containing antiserum) on day 3 postinoculation, thus, avoiding the inhibitory effect of serum on trypsin.
Identification of PI-4/Vrt by HI tests is shown in 
Tests on Two Other Strains of PI-4
The results shown in Table 6 demonstrate that the high infectivity titers obtained and easy transferability in Vrt of the other two strains of PI-4 are essentially the same as the M-25 strain, although minor strain differences are suggestive. Table) . No enhancing effect by either lysozyme (100 ƒÊg/ml) or hyaluronidase (100 U/ml) was observed.
Inhibition of the Trypsin Effect by Serum
When bovine serum was added to the maintenance medium, the trypsin-effect on the reproduction of PI-4 virus in Vrt was inhibited.
Representative data are shown in Table 8 , where heat-inactivated (56 C for 30 minutes) bovine serum at a final concentration of 2 % showed inhibition at a virus input smaller than about (Came, Pascale and Shimonaski, 1968; Colobert and Lousot, 1965; Engler and Chapin, 1968; Gifford and Klapper, 1967 , 1969; Homma, Fukuda and Ishida, 1969; Kan, Takahashi and Kunita , 1969; Sabina and Munro, 1969; Spendlove and Schaffer, 1965; Tsuchiya and Takayama , 1966; et al. Vol. 23 Wallis, Melnick and Rapp, 1966) . Among them, Wallis et al., Gifford and Klapper, and, Sabina and Munro described an enhanced growth of reo-, vaccinia and parainfluenza type 3 viruses, respectively, under fluid overlay added with proteolytic enzymes. But, our data differ from theirs in that the incomplete replication of PI-4 virus in Vero cell cultures was converted to complete growth cycles by the addition of trypsin, whereas, in their studies, a complete cycle-growth of each virus tested was enhanced or accelerated by the enzymes.
Also, our finding that PI-4 virus of the 14th passage in Vrt was not a variant specially adapted to the ordinary Vero cell cultures may be worth noting. Barnett and Baron (1959) reported production of an activator of plasminogen and a protease by primary monkey kidney cells. We did not study on production of such an enzyme or an activator in Vero cell cultures.
PI-4 virus runs complete cycles in primary monkey kidney cell cultures but not in Vro system. Whether proteolytic enzymes produced by primary monkey kidney cell cultures are responsible for their susceptibility to PI-4 virus and whether the enhancing effect of trypsin on the reproduction of PI-4 virus as described in this paper has some bearing on the Barnett's findings can not be answered without further investigations.
In regard to the mechanism(s) of the trypsin effect, the presented data are not sufficient to enable us to choose one of several suppositions.
Plaque formation under trypsin-containing agar overlay may at least suggest facilitation by the enzyme of cell-to-cell transmission of virus in the infected cultures. 
